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@ A phenylalanine derivative ha>nng the fonnula (I): 



I 



where R' and R* are independently hydrogen pro- 
vided that both and are nof hydrogen at the 
same time; 

CrCt alkyl which may be substituted with hydroxy, 
hydroxycarbonyl, C-C* aikoxycarbonyl, CrC4 all<yl- 
mercapto, C1-C4 alkoxy, carbamoyl, sutfamoyt, 
pyridyl, or phenyl which may further be substituted, 
with nitro, C1-C4 alkoxy, or halogen; 

CrCt cycloalkyi which may be substituted with 
hydroxy, CrC* alkoxy, hydroxy]cart>onyl, C-Ci al- 
koxycarbonyl, or Ci-Ct alkyl; 

phenyl which may be substituted with halogen, 
nitro. trifluoromethyl, C,-C4 alkoxy. C,-C« alkylmer- 
capto. C1-C4 aikylcarbonyl, phenylcarbonyl, hydrox- 
ycarbonyl. C,-C4 alkoxycarbonyl. carbamoyl, sul- 
famoyl, amidino, pyridylcarfc)onyl, or CrC« alkyl 
which may further be substituted with C,-C4 alkyl- 
carlxinyl, hydroxycarbonyl, or C,-C4 alkoxycar- 
bonyl; 

pyridyl which may be substituted with halogen or 
C,-C4 alkoxy; 

pyrimidyl; 

N-benzylazacyciohexyl; and 

R* and R' may fonrn with the nitrogen atom at- 



tached thereto a ring structure as morpholino; 
thiomorpholino; or piperidyl which may be substi- 
tuted with phenylcarbonyl, benzyl, or CrC4 alkyl; 

pyrrolidyl which may be substituted with hydrox- 
ycarbonyl or Ct-C* alkoxycarbonyl; and 

piperidine substituted with C1-C4 alkyl. phenyl C1-C4 
alkyl. phenylcarbonyl, or C,-C4 alkoxycarbonyl; 

X is hydrogen; nitro; amino; or -OZ wherein Z is 
hydrogen; C,-C4 alkyl; Ca-C4 alkenyl; benzyl which 
may fc>e substituted with halogen. CrC4 alkyl. nitro, 
trifluoromethyl. hydroxycarbonyl, C,-C4 alkoxycar- 
bonyl. or cyano; phenylcarbonylmethyl, pyridyl- 
methyl; phenyl which may be substituted with nitro 
or halogen; pyridyl or pyrimidyl which may b 
substituted with nitro; phenylsulfony! which may be 
substituted with C,-C4 alkyl; or be'nzyloxycarbonyl. 
which may be substituted with halogen; 

n is 4 to 10; and 

the mark * indicates that the configuration of the 
carbon may be either one of D-configuratidn, L- 
configuratlon and DL-configuration or a pharmaceu- 
tical acceptable salt thereof. 

This ph nylalanine derivative is effective as a 
proteinase inhibitor. 
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PHENYLALANINE DERIVATIVE AND PROTEINASE INHiBITQR 



BACKGROUND OF THE INVENTION 

1. Reid of the Invention 

s 

The present invention reliates to a novel 
phenylalanine derivative, more particuiariy to a 
phenylalanine derivative having a proteinase inhibi- 
tion activity or a phamnaceutically acceptable salt , 
thereof. Tlie present invention also relates to a io 
proteinase inhibitor containing, the phenylalanine 
derivative as the effective ingredient. 

2. Description of the Related Art . . 75 

It is well kiriown in the art that various prot- 
einases are present in hunian organisms. Examples 
of such proteinases are plasmin, trypsin, kallikrein, 
urokinase, and the like. As is also ioiown, when 20 
these proteinases are abnormally activated for 
some reason, viarious diseases, are .caused. For 
example, -hemorrhagic diseases are caused when 
abnormally activated plasmin is present in a rela- 
tively large amount in the blood. Also, plasmin 2s 
participateis in inflammation and it ,i8 considered to 
cause inflamniatory diseiases. For this reason, a 
substance capable of exhibiting a proteinase inhibi- 
tion' activity is useful as a clinical remedy or medi- 
cine, and various irivestigations in the prior art have so 
been made for the development of such sub- 
stances. For example, antiplasmins are useful as 



hematostatic agents, antiinflammatory agents or an- 
tiallergic agents, antitrypsins are useful for the ther- 
apy of pancreatitis, antikallikreins are useful as 
therapeutical agents for inflammation, and an- 
tiurokinases are useful for the inhibition of hemor- 
rhagic symptoms in the thrombolytic therapeutical 
method with urokinase. Accordingly, developments 
of proteinase inhibitors having such activit'es have 
progressed in the prior art, but their proteinase 
inhibition activities are low and not satisfactory for 
practical application as medicines. Further, com- 
pounds having satisfaqtory inhibition activities 
against various proteinases have not been devel- 
oped. 



SUMMARY OF THE INVENTION 

Accordingly, the objects of the present inven- 
tion are to eliminate the at^ove-mentioned disad- 
vantages of the prior art and to provide a com- 
pound having a satisfactory inhibition . activity in 
practical application but still having satisfactory in- 
hibition activities against various proteinases, and a 
proteinase inhibitor , containing the compound as 
the effective ingredient. 

Other objects and advantages of the present 
invention will be apparent from the following de- 
scription. 

In accordance with the present invention, there 
is provided a phenylalanine derivative having the 
formula (I): 



H2NCH2 




CONHCHCON ' 



CH, 



(I) 




where R^ and R' are independentiy hydrogen pro- 
vided that both R< and R' are not hydrogen at the 
same time; 

Ci-Ci alky I which may be substituted with hydroxy, 
hydroxycartDonyl. C,-C« alkoxycarbonyl, C,-C4 alkyl- 
mercapto, C,-C« alkoxy, carbamoyl, sulfamoyi. 



pyridyl, or phenyl which may further be substituted 
50 with nitro, C-Ci alkoxy, or halogen; 

CrCi cycloalkyi which may be substituted with 
hydroxy, C,-C« alkoxy, hydroxylcarbonyl, C-Ci al- 
koxycart>onyl, or C,-C4 alkyi; 
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4 



phenyl which may be substituted with halogen, 
nitro, trifluoromethyl. C.-C« alkoxy, Ci-C» alkylmer- 
capto. C.-C« alkylcarbonyl. phenylcarbonyl. hydrox- 
ycarbonyl, C,-C« alkoxycartwnyl. carbamoyl, sul- 
famoyl, amidino, pyrtdyicart>onyl, or C,-C« alkyi 
which may further be substituted with C«-C4 alkyl- 
carbonyl, hydroxycart)onyl, or C,-C4 alkoxycar- 
bonyl; 

pyridyl which may be substituted with halogen or 
Ct-C* aikoxy: 

pyrimldyl; 

N-benzylazacydohexyl; and 

and R* may form with the nitrogen atom at- 
tached thereto a ring structure as morpholino; 
thlomorpholino; or piperadyl which may be substi- 
tuted with phenyicart)onyl, benzyl, or C,-<^4 aikyi; 

pyrrolidyl which may be substituted with hydrox- 
ycarbonyl or C1-C4 alkoxycarbonyl; and 

pyperidine substituted with C,-C4 alkyI, phenyl C- 
C4 alkyI, phenylcartxjnyl, or C,-C4 aikoxycarbonyl; 

X is hydrogen; nitro; amino; or -OZ wherein Z is 
hydrogen; C«-C4 alkyi; C1-C4 alkenyl; benzyl which 
may be substituted with halogen, C,-C4 alkyl, nitro, 
trifluoromethyl, hydroxycarbonyi, C-C^ alkoxycar- 
boriyl. or cyano; phenylcarbonylmethyl, pyridyl- 
msthyl; phenyl which may be substituted with nitro 
or halogen; pyridyl or pyrimldyl which may be 
substituted witii nitro; phenyisulfonyl which may be 
substituted with C1-O4 alkyl; or benzyioxycartx>nyl 
which may be substituted with halogen; 

n is 4 to 10; and 

the mark * indicates that the configuration of the 
carbon may be either one of a D-configuration. L- 
configuration and DL-configuration, or a pharma- 
ceutical acceptable salt thereof. Examples of such 
a salt may include inorganic acid salts such as 
hydrochloride, hydrobromide. hydroiodide, sulfate, 
nitrate, phosphate, etc.; organic salts such as ox- 
alate, succinate, glycolate, malate, citrate, maieate, 
lactate, benzenesulfonate, toluenesulfonate. 
methanesulfonate. etc. 



In accordance with the present invention, there 
is also provided a proteinase Inhibitor comprising 
the phenylalanine derivative of the above formula - 
(I) or a pharmaceutically acceptable salt thereof as 
5 the active ingredient. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

10 

Typical examples of the compound represent- 
ed by the above formula are listed in Table I. 

The compounds listed in the Table are mum- 
bered, respectively, and in the following descrip- 

75 tion, the individual compounds are designated in 
terms of said compound Nos. for the purpose of 
convenience. 

For the compounds indicated as (DL) in the 
chemical structure, this means that their cart>on3 

20 are nnixtures of D-and L-forms; in the compounds 
indicated as (L), this means that their carbons are- 
L-form; and, in the compounds Indicated as (D), 
this means that its carbon is D-form. The asymmet- 
ric carix>n atoms in the phenylalanine skeleton 

25 hBving no indications are all L-forms. In the phys- 
ical properties shown in Table I, NMR represents a 
nuclear magnetic resonance spectrum indicated by 
a (i.e., delta) (ppm) representing , the chemical 
shifts. The determination was carried out by using 

30 as a solvent GDCI3 (i.e.. heavy chloroform). (CD,)- 
aSO (i.e., ds-dimethylsulfoxide), DaO (i.e., heavy wa- 
ter), or CD3OD (i.e., heavy methanol) alone or in 
any mixture thereof, and by using as an internal 
standard TMS (i.e., tetramethylsllane). In the paren- 
ts thesis after the 5 number, the number of the hy- 
drogen atom and the symbols s, d, t, q, m, and 
broad, thereafter, denote singlet, doublet, triplet 
quartet, multiplet. and broad absori3ance, respec- 
tively. The absorfoance based on the solvent is 

40 omitted from the Table. 

IR represents an infrared absorption spectrum 
in which a potassium bromide tablet is used in the 
determination unless otherwise noted. When a so- 
lution is used in the determination, the kind of 

45 solvent is listed in parenthesis. The number listed 
in the Table represents a wave number in units of 
cm~\ and only the main absorption peaks are 
listed In the Table. 

MS represents a mass spectrum, and the re- 

60 suits are shown as We (i.e., the mass of the cation 
fragment divided by the charge) of the' main peaks. 
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The compounds of the present invention can 
be synthesized by various combinations of the so- 
called peptide synthesis methods. 

1) Mixed acid anhydride method [Ann, 
Chem., 522.] 190 (1951) 

2) Acid chloride method [BlochemlstryM ±, 
2210 (I960)] 



66 



3) Phosphazo method [Chem. Ber.. 2^. 2387 

(I960)] 

4) DIcyclohexylcarbodiimide method [J. Am. 
Chem. See.. 77. ^067 (1955)] 

5) Active ester method using, for exampl , 
N-hydroxysuccinimlde [J. Am. Chem. Soc., gg, 
3039 (1863)]. 
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m 



ft should be noted, however, that not all of the 
compounds can be synthesized according to the 
nnethods as nrtentioned here, but that It Is neces- 
sary to combine the above-mentioned methods ap- 
propriately for the respective compounds. Among 
these methods, typical examples of the reaction 
routes are shown below. 
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RDute A 




ClOO^C. 




HN 



® 



■> BocNHCH002CX>2C2H5 



® 



r 



BocNeCHXN, 



® 



4W-HC1 / 





® 



Bo<ara:-Y-oo, 



BOCNB-Y- 





® 



For carrying out synthesis from © to (S) ,0 
is dissolved In an appropriate solvent such as THF, 
dimethylsulfbxide diethyl ether, dioxane, and the 
like, and an appropriate base such as triethylamine, 
pyridine, and the like, is added In an amount of I 
equivalent to 5 equivalents, preferably 2 to 3 equiv- 
alents relative to® . To this reaction mixture is 
added ethyl chlorocari^onate as such or as a solu- 



40 



45 



tion dissolved in the solvent used as the reaction 
solvent, at one time or In several divided portions. 
The temperature of the reaction mixture is main- 
tained at :IO*'C to 30*»C. preferably 5 to IO*C. The 
reaction time Is from I hour to 50 hours, preferably 
from 5 to 20 hours. After a conventional post- 
treatment. 0.5 to 2 equivalents of 



HN 
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are added and the reaction is carried out at -lO^C 
to 30'C, preferably 5 to 20»C. for I to 50 hours, 
preferably 5 to 20 hours. Then, after a conventional 
post-treatment. (S) is obtained. 

The reaction from (5) to © may be carried 
out by allowing (S) to react with I to 10 equivalents, 
jDreferably 3 to 7 equivalents relative to (3) of 4N- 
HCI dioxane solution at room temperature. Then, 



after a conventional post-treatment. © Is obtained. 
The reactions from ® to © can be carried out In 
the same way as from CD to(^ , whereby can 
be obtained. 



Route B 



10 




BodNHCBOO^H 



® 




-^BocSMIKBXN 



DOC 



® 



N, 



4N-HC1 / 





BocaJEi-Y-GOJI I R, 

=— > BociNH-Y-O0NBC2Km ^ 

DCC _ ^R, 



® 



4N^HC1 / O 




-> H2N-Y-CONEKH0CN, 

® 



For syntheses from CD ^ (D ^^om @ to 
(§), there may be employed, for example, the 
methods as described in J. Am. Chem. Soc.. 77 
1067 (1955). For the reactions from ® to ® and 
from © to © , the methods as descrit)ed in route 
A may be used. 
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® 



o- 



Pd 




or H^-Pd 



-^BodSBCBSXHa 



® 



\l 



® 




HjN-Y-OONHCHOCN 



For syntheses from (3) to®, there may be 
employed, for example, the methods as described 
in synthesis 685 (1976), J. Chem. Soc. Perkin Trans 
1 490 (1977). 

For synthesis from ® to© , (t) is dissolved 
In an appropriate solvent such as DMF. DMSO, 
toluene, and the like, and NaH is added in an 
amount of I equivalent to 5 equivalents, preferably I 
equivalent to 2 equivalents relative to ® . To this 
reaction mixture is added a solution of FVA dis- 
solved In the solvent used as the reaction solvent, 
and the reaction is carried out at room temperature 
from 2 hours to 50 hours, preferably from 4 to 6 
hours. Then, after a conventignal post-treatment, 
(a) is obtained. For synthesis® to © , the meth- 
ods from @ to © in route A may be used. 



EXAMPLES 

The preserit invention will now be further illus- 
trated by, but is by no means limited to, the 
following Examples. In the following, preparation of 
typical compounds is described by refem'ng to 
specific examples. 



Example I 



30 



35 



40 



45 



50 



56 



Synthesis of N-(trans-4-aminQmeihvlcvclQheyvlcar> 
bonviVL-phenvlalanine 4>acetvlanilide (Compound 

N-(t-butyloxycarbonyl)-L-phenylalanine (I) (5.30 
g) was dissolved in dry tetrahydrofuran (80 ml), 
triethylamine (3 ml) was added to the resultant 
solution and ethyl chlorocarbonate (2.40 g) was 
added to the mixture under Ice-cooling, followed by 
stim'ng for 30 minutes. To this solution was added 
4-acetyIanillne (2.70 g) and the mixture was stirred 
at room temperature for 10 hours. To the reaction 
mixture was added iqe-water (300 ml) and the 
predpitated crystalline substance was collected by 
filtration, thoroughly washed and dried to give 7.07 
g of .N-(t-butylpxycarbonyl)-L-phenyIalanirie 4-ac- 
etylanilide (II). 

To the above compound (11) (2^ g) was ad- 
ded under Ice-cooling 4N-hydrogen 
chloride/dioxane solution (30 ml) and ice-cooling 
was removed, followed by stirring at room tempera- 
ture for 30 minutes. To this solution was added 
ether (300 ml) and the precipitated crystalline sub- 
stance was collected by filtration, washed with 
ether and dried under a reduced pressure to quan- 
titatively obtain L-phenylalanlne 4-acetylanHide hy- 
drochloride (111). 
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On the other hand, trans-4-^t-butyloxycarbonyl) 
aminomethyicyciohexylcarboxyiic acid (1.62 g) was 
dissolved in dry tetrahydrofuran (50 ml), 
triethylamine (0.96 ml) was added to the resultant 
solution and ethyl chlorocartx)nate (0.76 g) was 
added under Ice-cooling to the mixture, followed by 
stining.for 30 minutes. To this solution was added 
the hydrochloride salt (III) previously obtained and 
triethylamine (2 ml) was added to the mixture, 
followed by stimng at room temperature for 3 
hours. Ice-water (200 ml) was added to the reaction 
nrilxture and the precipitated crystalline substance 
was collected by filtration, thoroughly washed with 
water and dried to give 2.62 g of N-[trans-4-(t- 
butyloxycarbonyl)aminomethylcyciohexylcarlx)nyll- 
L-phenylalanine 4-acetylanillde (IV)- 

To th& above compound (IV) (2.60 g) was 
added under Ice-coolIng 4N-hydrogen 
chloride/dioxane solution <25 mi) and the mixture 
was stinted, at room temperature for 30 minutes. 
The mixture was concentrated under a reduced 
pressure, and the , residue was dissolved in water 
(100 ml) and sodium cartx)nate (1.05 g) was added 
to the resultant solution. The precipitated crystalline 
substance was collected by filtration, thoroughly 
washed with water and dried to obtain N»<trans-4- 
aminomethylcyclohexy lcart)onyl)-L-phenylalanine 4- 
acetyianilide (V) (1.90 g). 



Examoie 2 

Svnfe?'? 2i N'(fr?n?-4>fflT^'n9m9thYl<?Yglffh9yYl<py 

bQnviV4-ben2vloxv-L-phenvlalanlne 4-Bcetvlanilide 
(Compound No. 3^ 

Trans-4-(t-butyloxycart)onyl)- 
aminomethylcyciohexylcarboxylic acid (1.41 g) was 
made into a mixed acid anhydride following a con- 
ventional method. and 4-benzyloxy-L- 
phenylalanine-4-aci9tylanilide hydrochloride pre- 
viously synthesized following a conventional meth- 
od was added thereto and the mixture was stirred 
with addition of triethylamine (L7 ml) at room tem- 
perature for 3 hours. Then, post-treatment was 
carried out following the procedure as.descrit>ed in 
Example I to give N-[trans-4-(t-butyloxycarbonyl)- 
aminomethylcyclohexyicartx)nyl]-4-ben2yloxy-L- 
phenyialanine 4-acetyianilide (1) (2.46 g). 

The above compound (I) (2.40 g) was treated 
with 4N-hydrpgen chioride/dioxane and, following 
the procedure of Example I. N-(trans-4- 
aminomethy!cyclohexylcarbonyl)-4-t)enzyloxy-L- 
phenylalanine 4-acetytaniIide (II) (L50 g) was ob- 
tained. 



Synthesis 2l N-(trans-4-am inomethvlcvclohexvlcar- 
faonvlM-hvdroxvL-phenvlalanine 4-^p^tY<?niil<j9 : 
fComoound No. 4) 

5 Ethanol was added to the ,N-(trans-4- 

aminomethyicyclohexyl-carbonyl)-4-benzyloxy-L- 
phenyialanine 4-acetylanilide prepared in Example 
2 (100 mg). palladium blac)< (20 mg) and cyciohex- 
ene (2.5 ml) and the mixture was stirred under 

10 reflux of ethanol for 30 minutes. The solid was 
collected by filtration, ana concentrated to obtain 
N-(trans-4*aminomethylcyclohexylcart>ony!)-4- 
hydroxy-L-phenyialanine 4-acetylanilide (79 mg). ^ 

75 

Svnthesis 21 N-(trans-4-aminomethvlcvclohexvlcar- 
bonvl>-4"(4^hloroben2vloxv>-L-Dhenvlalanine 4>ac« 
20 ?tY|gniiit|g (<?<?mP9Vng NsL SI 

A mixture of N-(t-butyloxycartx)nyl)-4- 
benzyloxy-L-phenylaJanine 4*acetylaniiide (1) (4.88 
g), palladium black (0.60 g), cyclohexene (15 ml) 

25 and ethanol OOO ml) was subjected to the reaction 
under reflux of ethanol for I hour. After cooling, the 
solid was filtered off and the filtrate was con- 
centrated to obtain . N-(t-butyloxycarbonyl)-4- 
hydroxy-L-phenylaianine 4-acetylanilide (II) (3.90 

30 q). The compound (11) without purification was dis- 
solved in N.N-dimethylfonmamide (100 ml) and the 
solution was stirred with addition of sodium hydride 
(60% content) (0.44 g) at room temperature for 30 
minutes. To this solution was added 4-chlorobenzyl 

36 chloride (I.6I g) and the reaction was carried out at 
room temperature for 10 hours. Ice- water (500 ml) 
was added to the reaction mixture, and the 
precipitated crystalline substance was collected by 
filtration, thoroughly washed with water and dried to 

40 obtain N-(t-butyloxycarbonyl)-4-(4-chloroben- 
zyloxy)-L-phenyiatanine 4'acetylanilide (III) (3.65 g). 
The compound (III) was treated in a conventional 
manner to synthesize N-(trans-4-aminomethyl- 
cyclohexylcarbonyl)-4-(4-chlorobenzyloxy)-L- 

46 phenylalanine 4-8cetylanilide (IV). 



Example S 

50 Svnthesis N"(trans-4'aminomethvlcvclohexvlcar- 
bQnvlV4-methoxv-L-pherivlalanine 4-^(;^tYt?niiH!9 : 
rCom pound Nq . 6^ 

N-(t-butoxyoxycart>onyl)-4-fc)enzyloxy-L- 
55 ph nyialanine 4-ac6tylanilide (0.49 g), palladium 
blaclc (0.10 .g) and cyclohexene (4 ml) were reacted 
with ethanol (20 ml) under reflux for I hour. After 
cooling, the solid was filtered off and the filtrate 
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was concentrated under reduced pressure to obtain 
N-(t-butyloxycarbonyl}-4-hydroxy-L-phenyIalanin8 
4-acetylanilide (I) (0.39 g). The compound (I) was 
dissolved in dimethyKormamide (6 ml) and oily 
sodium hydride (0.04 g) was added to the r sultant 
solution. The mixture was stirred at room tempera- 
ture for 30 minutes. To this mixture was added a 
dimethylfonmamide (2 ml) solution of methyl iodide 
(0.15 g) and the reaction was carried out at room 
temperature for 6 hours. Ice-water was added to 
the reaction mixture, and the resultant oily sut)- 
stance was extracted with ethyl acetate. After a 
conventional treatment, N-(t-butyloxycarbonyl)-4- 
methoxy-L-phenylalanine 4-acetylanllide (II) (0.21 
g) was obtained. N-(trans-4-aminomelhyl cyclohex- 
ylcarbonyl)-4-methoxy-L-phenylalanine 4-ac- 
etylanilide (0.08 g) was obtained from the com- 
pound (11) (0.19 g), following the procedure of Exam- 
ple i. 



^gmpie 6 ' 

Synthesis gf N-f4"aminomethvlt)en20vlM-hvdrQxv- 
L-ohenvlalaninQ 4-ben20vtaniilde ^Compound Hq^ 
101 ' 

N-(4-benzyloxycart)onylaminonriethyit3en2oyI)-4- 
benzyloxy-L-phenylalanine 4-benzoylaniltde (1) - 
(0.20 g) was dissolved in 30% hydrobromic 
acid/acetic acid solution (10 ml) and tfie solution 
was stirred at room temperature for 30 minutes. 
Excessive reagent was removed with ether by de- 
cantation. water was added to tfie residue and the 
mixture was made alicaline with sodium carbonate, 
followed by extraction with methylene chloride. Ac- 
cording to a ' conventional method, N-(4- 
aminomethylbenzoyl)-4-hydroxy-L-phehy lalanine 4- 
benzoylaniiide (II) (0.11 g) was obtained. 



Example 7 

Svnthesis gf N-(trahs-4-aminomethvlcvciQhexvlcar« 
bonviM-benzvioxv-L-ohehvlalanine 3-Dvridvlamide 
dihvdrochloride fComoound No. 18^ 

N-(t-buty loxycarbony l)-4-benzy loxy-L- 
phenylalanine (1) (3.71 g) was dissolved in dry 
tetrahydrofuran (100 ml) and. under Ice cooling, 
triethylamine (1.5 ml) was added thereto. After stir- 
ring for 15 minutes, ethyl chlorocarbonate (i.IO g) 
was added, followed by stirring for 30 minutes. To 
this solution was added 3-aminopyridine (0.94 g) 
and the reaction was carried out at room tempera- 
ture for 7 hours. The solid was filtered off and the 
filtrate was concentrated under reduced pressure. 



The residue was extracted with ethyl acetate. After 
a conventional post-treatment. N-(t-butyloxycar- 
bonyl)-4-benzyloxy-L-phenylalanine 3-pyridylamide 
(II) (1<01 g) was obtained. 

5 The compound (il) (0.90 g) was dissolved In 

dry !.4-dioxane (10 ml) and, to this solution. 4N 
hydrogen chloride/dioxane solution (25 ml) was ad- 
ded and. at room temperature, the mixture was 
stirred for I hour. The precipitated substance was 

ro collected by filtration and dried. This product was 
added to a mixed acid anhydride, which was pre- 
viously synthesized from 4-(t-butyloxycarbonyl)- 
aminomethyl cyclohexyl carboxylic acid (0.54 g). 
triethylamine (0.31 ml), and ethyl chlorocarbonate - 

75 (0.23 g). Furthemnore. to this mixture were added 
triethylamine (0.62 ml) arid N.N-dimethylfomnamide 
(5 ml) followed by stirring at room temperature for 
3 hours. To the reaction mixture was added ice- 
water (100 ml) and the precipitated substance was 

20 collected by filtration. After thoroughly washing with 
water and drying, N-(trans-4-(t-butyloxycarbonyl)- 
aniinomethylcyclohexylcaritX)nyl-4*benzyloxy-L* 
phenylalanine 3i3yridylamide (III) (0.98 g) was ob- 
tained. 

25 The compound (III) (0.95 g) was dissolved in 

dry 1,4-dioxane (10 ml) and, to this solution, 4N- 
hydrogen chloride/dioxane solution (20 ml) was ad- 
ded, followed by stirring at room temperature for 2 
hours. The precipitated substance was collected by 

30 filtration and dried to obtain N-(trans-4- 
amlnomethylcyclohexylcarbonyl)-4-benzyloxy-L- 
phenylalanine 3-pyridylamide dlhydrochloride (0.90 
9)- 

35 

Example 8 

Svnthesis 2! N-(trans-4'amlnomethvlcvclohexvlcar- 
bonvlM-phenacvloxv-L-Dhenvlalanine cvciohex- 
40 vlamide hydrochloride (Compound 23) 

A mixture of N-(t-butyloxycarbonyl)-4- 
benzyloxy-L-phenylalanlne cyclohexylamide (0.68 
g) obtained in Example 4, palladium black (0.10 g), 

45 cyclohexerie (4 ml), and ethanol (20 ml) was al- 
lowed to react under reflux of ethanol for one hour,- 
white stirring. After cooling, the solid was filtered off 
and the filtrate was concentrated under reduced 
pressure to obtain N-(t-butyloxycarbonyi-4-hydroxy- 

50 L-phenylalanine cyclohexylamide (I) (0.54 g). The 
compound (I) (0,54 g)' was dissolved', without pu- 
rification, in N,N-dimethylformamide (10 ml), fol- 
lowed by adding sodium hydride (0.06 g) thereto. 
The mixture was stirred at room temperature for 30 

55 minutes. To this solution was added a solution of 
phenacyl bromide (0.30 g) in N.N-dimetiiylfor- 
mamlde (5 ml). The reaction was carried out at 
room temperature for 4 hours,' followed by adding 
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ice-water ther to. The r sultant oily product was 
extracted with ethyl acetate. After a conventional 
post-treatment. N-(l-butyloxycarbonyl)-4- 
phenacyloxy-L-phenylalanine cyclohexylamide (II) - 
(0.61 g) was obtained. From the connpound (II). N- 
(trans-4-aminomethylcyclohexyIcarbonyl)-4- 
phenacyloxy-L-phenylalanine cyclohexylamide hy- 
drochloride (0.38 g) was obtained, following the 
procedure of Example 7. 



Synthesis NWtranS'4*aminom8thvlcvclohexvlcar- 
bGnvlV4-nitro-D.L-Dhenvlalanine . 4-benzovianilide 
hydrochloride (Compound No. Z\) 

N-(t-butyloxycarbonyl)-4-nitro-D.L- 
phenylalanine (0.95 g) and triethylamine (0.4 ml) 
were dissolved in dry tetrahydrofuran (15 ml), and 
6thylchlorocart>pnate (0.33 g) was added under ice- 
cooling to the resultant solution, followed by stim'ng 
for 20 minutes. 4-benzoylaniiine (0.6 g) was added 
to the solution, and the nriixture was further stinted 
at room temperature for 12 hours. According to a 
conventlona] post-treatment. 0.98 g of N-(t-butylox- 
ycartx)nyl)-4-nitro-D,L-phenylaIanine 4-ben- 
zoylaniltde (I) was obtained. To the, atx>ve com- 
pound (I) (0*37 g) was added * 4N-hydrogen 
chtoride/dioxane solutlpn (1-6 rnl) and the mixture 
was ^stirred at room temperature, for I hour. The 
solid precipitated by addition of ethyl ether QO mi) 
Into this solution was collected by filtration to giye 
0.33 g of 4rnitro-D.L-phenylalanine 4-benzpylanliide 
hydrochloride (I!). Trans-4-(t-butyIpxycart)onyl)- 
aminomethylcyclohexylcarbpxylic acid (0.2 g) and 
triethylamine (0.2 ml) were dissolved in dry 
tetrahydrofuran (15 ml) and ethyl chiorocarbonate - 
(0.09 g) was added to the solution under Ice- 
cooling, followed by stirring for 20 minutes. To this 
solution was added the above compound (II) (0.33 
g) and the mixture was stirred at room temperature 
for 12 hours. According to a conventional post- 
treatment. 0.29 g of N-[trans-4-(t-butyloxy car- 
t>onyl)aminomethylcyclohexylcarbonylH-nitro-D,L- 
phenylalanlne 4-*benzoylanilide (III) was obtained. 
The above compound (III) (0.29 g) was dissolved in 
4^441ydrogen chloride/dioxane solution (I ml), the 
solution was stirred at room temperature for I hour 
and then ether (8 ml) was added. The crystalline 
substance precipitated, was collected by filtration 
and subjected to a conventional post-treatment, 
whereby 0.24 g of N-(trans-4-aminomethyl- 
cycloh xylcarbonyI)-4-nitro-D,L-phenylalantn 4-t>e- 
nzoylanilide hydrochloride was obtained. 



Example 10 



Synthesis Qf N-(trans-4-aminomethvicvclohexvlcar* 
bonvlM-benzvtoxv-L-ohenvlaianine 4-<?ig/tran?- 
methvicvciohexvlam:ide hydrochloride i£2E!IQ2UQ£i 
No.34> 

5 

Triethylamine (1.5 mi) was added to a solution 
of N-(t-butyloxycarbonyI)-4-ben2yloxy-L- 
phenylalanine (I) (2.0 g) dissolved in dry 
tetrahydrofuran (30 ml) and ethyl chiorocarbonate • 

10 (0.65 g) was added under ice-cooling, followed by 
stirring for 30 minutes. 

To this solution was added 4-cis/trans-methyI- 
cyclohexylamine (0.43 g) and the . mixture was 
stirred at room temperature for 10 hours. After 

76 evaporation of the solvent, the residue was ex- 
tracted witii ethyl acetate washed with water -and 
dried to give .2.3 g of N-(t-butyioxycarbonyI)-4- 
benzyloxy-L-phenylalanine 4-cis/trans-methyl- 
cyclohexylamtde (II). 

20 To tiie above compound (II) (1.0 g) was added 
under ice-cooling 4N-hydrogen chloride/dioxane- 
solution (4.5 ml) arxl tiie mixture was stirred at 
room temperature for 30 minutes. Hexane (30 ml) 
was added to this solution and the precipitated 

26 crystalline . substance was collected by filtration, 
washed with ether and then dried under reduced 
pressure to give quantitatively 4-benzyloxy-L- 
phenylalanlne: 4-ds/trans-methylcycIohexyiamide 
hydrochloride (111). On the other hand, triethylamine 

30 (0.6 ml) was added to a solution of . trans-4-(t- 
butyloxycartx)nyl)aminomethylcyclohexylcartx>xylic 
acid (0.62 g) dissolved in dry tetrahydrofuran (30 
ml) and ethyl chiorocarbonate (0.25 g) was added 
under Ice-cooling, followed by stirring for 30 min- 
ds utes. To this solution were added the above com- 
pound (HI) (0.73 g) and triethylamine (I ml), and the 
mixture was stirred, at room temperature for 3 
hours. After evaporation of tiie solvent, the residue 
was extracted with ethyl acetate, washed witii water 

40 and dried to give 0.2 g of N-[trans-4-(t-butyloxycar- 
bony i)aminomethy Icyclohexy lcariX)nyl]-4- 
benzyloxy-L-phenylalanine 4-cis/trans-methyl- 
cyclohexylamide (IV). To the above compound (IV) 
(0.2 g) was added under ice-cooling 4N-hydrogen 

45 chloride/dioxane solution (0.5 mi} and the mixture 
was stinted at room temperature for 30 minutes. 
Hexane (20 ml) was added to this solution and the 
precipitated crystalline substance was collected by 
filtration, washed with ether and then dried under a 

50 reduced pressure to give 0.1 g of N-(trans-4- 
aminomethylcyclohexylcart)onyl)-4-ben2yloxy-L- 
phenylalanlne 4^s/trans-methylcyclohexylamlde 
hydrochloride. 

66 

Example II 
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N>(trans-4»aminomethvicvclohexvlcafbonvlM>(3« 
chlorobenzvloxvVL-Dhenvialanlnf^ 4-acetvtanilide 
methano sutfonate (Compound No. 35> 

N-(t-butyloxycarbonyl>-4-(ben2yIoxy)-L- 
phenylalanlne 4-acetylanilide QJ2, g), palladium 
black (0.15 g) and cyclohexane (8 m!) were added 
into ethanol (40 ml) and the reaction was carried 
out under reflux of ethanol for I hour. After cooling, 
the mixture was filtered and a filtrate was con- 
centrated under a reduced pressure to obtain N-(t- 
butyloxycarbonyl>-4-hydroxy-L-phenylalanine 4-ac- 
etylanilide (I) (0.99 g). The above compound (I) - 
(0.99 g) was dissolved in dimethylformamide (30 
ml), added with oily sodium hydride (0.1 g) and the 
mixture w^ stirred at room temperature for 30 
minutes. A solution of 3-chlorot>enzylchloride (0.4 
g) in dimethyifonmamlde (5 mi) was allowed to 
react at room temperature for 6 hours, and the 
reaction mixture was poured into ice-water (100 ml) 
and extracted with ethyl acetate. A conventional 
post-treatment was carried out to obtain N-(t- 
butyloxycartx)nyl)-4-(3-chlorobenzyloxy)-L- 
phenylalanine 4-acetylaninde (II) (1-25 g). The above 
compound (II) (1*25 g) was allowed to react with 4N- 
hydrogen chloride/dioxane (12 ml) to obtain 4-(3- 
chlorobenzyloxy)-L-pheny(alanlne 4-acetylanlIide - 

(III) . The above compound (III) was suspended in 
dimethylformamide (10 ml) •tetrahydrofuran (10 ml) 
dry solution, and triethylamine (0.4 ml) and trans-4^^ 
(t-butyloxycart)onyl)- 

aminomethylcyclohexyIcartx>xyiic acid mixed acid 
anhydride were added under ice-cooiing, followed 
by stinlng for 30 minutes. Further, the reaction was 
'carried out at room temperature for 3 hours. After a 
conventional post-treatment, N-ttrans-4-(t-butylox- 
ycarbonyl)aminomethylcyclohexylcarbonyl}-4-(3- 
chlorot>enzyloxy)-L-phenyiatanlne 4-acetylanilide - 

(IV) (1.31 g) was olJtadned. The above compound - 
(IV) (I.3I g) was allowed to react with 4N-hydrogen 
chloride/dioxane solution (10 ml) for I hour, and the 
crystalline substance precipitated by addition of 
hexane was collected by filtration. This was dis- 
solved in water (iOO ml) and the substance 
precipitated by addition of sodium cartx>nate was 
suspended In methanol (30 ml) - methylenechloride 
(30 ml) solution and metiianesulfonic add (0.13 g) 
was added to the suspension, followed by stirring 
at room temperature for 1 hour, to obtain a transpar- 
ent solution. After evaporation of the solvent under 
reduced pressure, recrystallization from ethanol- 
ether solution gave N-(trans-4-aminomethyi- 
cyclohexyIcartx)rTyl)-4-(3-chlorofc>enzyloxy)-L- 
phenylalanine 4-acetylanilidemethanesulfonate (LI 

g). 



Example 12 



Svnthesis of N-ftrans-4-aminomethvlcvclohexvl car- 
b>onvlV4-benzv!oxv-L-Dhenvlalanine 4-sut- 
famovlanilide hydrochloride (Compound No. 47^ 

6 Triethylamin (1.5 ml) was added to a solution 

of N-(t-butyIoxycarbonyl)-4-ben2yIoxy-L- 
phenylalanine (I) (2 g) dissolved in dry 
tetrahydrofuran (30 ml) and ethyl chlorocartjonate 
(0.65 g) was added under ice-cooling, followed by 

10 stirring for 30 minutes. To this solution was added 
4^suIfamoylahiline (0.65 g) and the mixture was 
stirred at room temperature for 10 hours. Post- 
treatment was carried out in the same manner as In 
Example I to give 1.3 g of N-(t-butyloxycarbonyl)-4- 

75 benzyloxy-L-phenylalanine 4-suifamoyianilide (II). 
To the above compound (II) (0.5 g) was added 
under ice-cooiing 4N-hydrogen chloride/dioxane 
solution (3 ml) and the mixture was stirred at room 
temperature for 30 minutes. Post-treatment con- 

20 ducted in the same manner as in Example i gave 
quantitatively 4-benzylbxy-L-phenylaIanine 4-sul— 
famoylanilide hydrochloride (ill). On the other hand, 
trans-4-(t-butyIoxycarlDonyl)- 
aminomethylcyclohexylcarboxyllc acid (0.25 g) and 

25 triethylamine (0.2 ml) were added, and ethyl 
chlorocarixDnate (0.1 g) was added under ice-cool- 
ing, followed by stinlng for 30 minutes. To tills 
solution were added the above compound (III) (0.42 
g) and triethylamine (I ml), and the mixture was 

30 stirred at room temperature for 3 hours. After ex- 
tracticHi with chloroform, according to the same 
post-treatment as in Example I, 0.28 g of N-[trans- 
4-(t-butyloxycarbonyl)- 

amlhomethylcyclohexylcartx)nyll-4-benzyIoxy-L- 
35 phenylalanine 4-sulfamoylaniIide (IV) was ob- 
tained.to the above compound (IV) (0.28 g) was 
added 4N-hydrogen chloride/dioxane solution (2 
ml) and, after stim'ng at room temperature for 30 
minutes, following the same procedure as in Exam- 
40 pie I, 0.15 g of N-(trans-4-aminomethylcyclohexyl- 
cart)onyl)-4-ben2yloxy-L-phenylalanine 4-suI- 
famoylanilide hydrochloride was obtained. 



46 Example 13 

Svnthesis gf N-^trans-4^amlnomethvlcvcIohexvlcar> 
tx)nvl>-4-iDenzvloxv-L-Dhenvlalanine 4-f2-chloro)- 

50 

N-(t-butyloxycarbonyl)-4-benzyioxy-L- 
phenylalanine (I) (4.46 g) was dissolved in dry 
tetrahydrofuran (110 ml) and triethylamine (1.80 ml) 
was added under ice-cooling, followed by stinlng 
55 for 15 minutes. To this solution was added ethyl 
chlorocarbonate (1.44 g) and tiie mixture was stirred 
for 30 minutes. After adding 4-amino-2- 
chloropyridine (1.54 g), the reaction was canied out 
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at room temperature for 10 hours. The solid was 
fittered off and the filtrate was concentrated under a 
reduced pressure. The residue was extracted with 
ethyl acetate.. The extract was purified with a col- 
umn chromatography to obtain N-(t-butyloxycar- 
bonyl)-4-benzyloxy-L-phenylalanine .4-(2-chloro)- 
pyridyiamide (II) (0.60 g). Following the procedure 
of Example 7. the final compound N-(trans-4- 
aminomethylcyclohexylcart>onyl)-4-benzyloxy-L- 
phenylalanine 4-(2-chloro)pyridylamide hydrochlo- 
ride (III) (0.67 g) was obtained from the compound 
(II). ; 



Example 14 

SYpyi^gi? S2f N-(trans-4-aminomethvlcvclohexvicar- 
bonvl>-4>f4-toluenesulfonvloxvV>L-ohenvialanine ± 
acetvlanilide hydrochloride fComoound No. 79> 
. ■ I' . ' • ■ 

N-(t-butyloxycarbonyl)-4-hydroxy-:L- 
phenylalanine 4-acetylanilide (0.57 g) and 
triethytamine (0.5^ ml) were dissolved in dich- 
loromethane (K) ml) -tetrahydrofuran (ID ml) solution 
and ^toluenesulfonyl chloride (0.38 g) was added 
at. room temperature, followed by stirring for 3 
hours.- According to a conventional post-treatment. 
N-(t-butylpxycarbonyl)-4-(4-toluenesulfonyloxy)-L- 
phenylalanlne 4-acetylanlIide (i) (0.8 g).wa8 ob- 
tained; The above compound (1) (0.8 g) was treated 
wrth, 4N hydrogen chloride/dioxane solution (2.2 
mi) 'to obtain 4-(4*toluenesUlfonyloxy)-L- 
phenyiaianine 4-acetylanilide hydrochloride (11) (0.7 
g). On the other hand, trans-4-{t-butyloxycart)onyl)- 
aminomethylcyclohexylcarboxylic acid (0.37 g) and 
triethylamine (0.4 ml) were dissolved in dry 
tetrahydrofuran (20 ml) and ethyl chlorocarbonate - 
(0.16 g) was added under ice-cooling, followed by 
stirring for 20 minutes. To this solution was added 
the above compound (II) (0.7 g) and the mixture 
was stirred at room temperature for 12 hours. Ac- 
cording to a conventional post-treatment N-[trans-4- 
(t-butyloxycarbonyl)- 
aminomethylcyclohexy!carbonyl]-4-(4- 
toluenesuIfonyIoxy)-L-phenylalanine 4-acetylanilide 
(III) (0.32 g). was .obtained. The above compound - 
(III) (0.32 g) was treated with 4N-hydrogen 
chloride/dioxane solution (I ml) to obtain N-(tran8-4- 
aminomethylcyclohexylcarbonyl)-4-(4- 
toluenesulfonyioxy)-L-phenylalanine - 4-acetylaniiide 
hydrochloride (0.2 g). 



Example 15 
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N-(4-aminomethvlbenzovicartx?nvl>-4-b6nzvloxv-L- 
Phenvlalantne 3.4-dimethvlcvclohexvlamide hydro- 
chloride (Compound No. 80) 

6 N-(t-butyloxycariDonyl)-4-benzyloxy-L- . 

phenylalanine (0.3 g) and 3,4-dimethylcyclohex- 
ylamine (0.1 g) were dissolved in dry methylene 
chloride (30 ml) and l-ethyl-3-(3- 
dimethy!amlnopropyl)carbodiimide hydrochloride - 

10 (0.2 g) was added to the solution, followed by 
stirring at room temperature for 12 hours. According 
to a conventional post-treatment, N-(t-butyloxycar' 
bonyl)-4-benzyloxy-L-phenylalanin© 3.4-dlmethyl- 
cyciohexylamide (I) (0.32 g) was obtained. The 

15 above compound (I) (0.3 g) was allowed to react 
with 4N-hydrogen chloride/dioxane solution to pb- 
. tain 4-t>en2yloxy-L-phenyIaianin© 3,4-dimethyl- 
cyclohexylamlde hydrochloride (II) (0.26 g). The 
above compound (II) (0.26 g) and 4-(t-butyloxycar- 

20 bonyl)aminomethylben20ic acid (0.16 g) were dis- 
solved in dry methylene chloride (20 ml) -pyridlne- 
solution, and l-ethyl-3-(3-dlmethylamlnopropyl)- 
cartxxliimide hydrochloride (0.15 g) was added to 
the solution. The reaction was carried out at room 

25 temperature for 12 hours. After a conventional post- 
treatment, N-[4-(t-butyloxycarbonyI)- 
aminomethylt>on2oyl]-4-benzyloxy-L-phenylalanine 
3,4-dimethylcyclohexylamide (III) (0.23 g) was ob- 
tained. The above , compound (111) was allowed to 

30 react with 4N-hydrogen chloride/dioxane solution to 
(2 rhl) obtain N-(4-aminomethylbenzoyl)-4- 
benzyloxy-L-phenylalanine 3,4-dimethylcyclohex- 
ylamide hydrochloride (0.18 g). / 

35 

Example 16 

Synthesis N>(trans>4-aminQmethvlcyclohexylcar- 
bonvl>-4-(4-nttrophenyloxvVL-phenvlalanine ±ssi 
40 etvlanillde hydrochloride (Compound No. 95) 

To a solution of Nr(t-buty!oxycarbonyl)-4r 
hydroxy-L-phenylalanine 4-acetylanilide (1.59 g) in 
dimethyl sulfoxide (10 ml) were added potassium 

4S hydroxide (0.25 g) and 4-nitrobromobenzene (0.8! 
g), and the mixture was heated at 80 -90 ""O and 
stirred for 10 hours; After conventional post-treat- 
ment N-(t-butyloxycarbonyl)-4-(4-nitrophenyloxy)-L- 
phenylalanine 4-acetylaniHde (I) (0.62 g) was ob- 

50 tained. The above compound (I) (0.6 g) was al- 
lowed to react with 4N-hydrogen chloride/dioxane 
solution to obtain 4-(4-nitrophenyloxy-L- 
phenylalanine 4-acetylanilide hydrochloride, which 
was further allowed to react with trans-4-(t-butylox- 

66 ycarbonyl)aminomethylcyclohexylcartx)xylic acid 
mixed acid anhydride obtained In Example 5 to 
obtain . N-[trans-4-(t-butyloxycartx)nyl)- 
amlnomethylcyclohexylcariDonylH-(4- 
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nrtrophenyloxy)-L-pheny!aIanin8 4-acetylanilide (II) - 
(0.54 g). The above compound (II) (0.54 g) was 
allowed to react wHh 4N-hydrogen chloride/dioxane 
solution to obtain N-(trans-4-aminonn8thylcycIohex- 
ylcajrbonyl)-4-(4-nltrophenoxy)-L-phenylalanine 4- s 
acetylanillde hydrochloride (0.39 g). 

Example 17 

10 

Synthesis fif' N-f4*aminomethvlben2ovlV4> 
benzvloxv'L'Ohenvlalanine 4-oicolvlam!de 
dihvdrochloride (Compound No. 96) 

N-(t-butyloxycarbonyl)-4-ben2yloxy-L- is 
phenylalanine (I) (2.O0 g) was dissolved in dry 
tetrahydrofuran (50 ml) and, under ice-cooling, 
triethylamine (0.81 ml) was added thereto. After 
stirring for 15 minutes, ethyl chlorocarbonate (0.64 
g) was added thereto, followed by stirring for 30 so 
minutes. To tiiis solution was added 4-picolyiamine 
(0.58 g) and the mixture was stin-ed at room tem- 
perature for 5 hours. The solid was filtered off and 
the filtrate was. concentrated under reduced pres- 
sure. The residue was extracted with ethyl acetate. 25 
After a conventional post-treatment N-(t-butylox- 
ycarbonyl)-4-benzyloxy-L-phenylalanine 4- 
picoiylamide (II) (1.60 g) was obtained. To the com* 
pound - (II) (1.60 g) 4N-hydrogen chloride/dioxane 
solution (15 ml) was added, followed by stining at so 
room temperature for 30 minutes. The precipitated 
substance was collected by filtration and dried to 
quantitatively obtain 4-benzyloxy-L-phenylalanine 
4-picolylamide dihydrochloride (III). 

On the otiier hand. N-4-(t-butyloxycart>onyl)- 35 
aminomethyl benzoic acid <0.60 g) was dissolved in 
dry tetrahydrofuran (ID ml) and N,N-dlmettiylfor- 
mamide (5 ml) and, under Ice-cooling, triethylamine 
(IJ20 ml) was added tiieretb. After, stinring for 15 
minutes, ethyl chlorocarbonate (0.29 g) was added 4o 
thereto, followed by stirring for 30 minutes. To this 
solution was added the atx)ve-prepared compound 
(III), followed by stirring for 3 hours at room tem- 
perature. The solid was filtered off and the filtrate 
was concentrated under reduced pressure. The re- 4S 
sidue was extracted witfi ethyl acetate and, after a 
conventional px^st-treatment. N-4-(t-butyloxycar- 
bonyI)aminomethylben2oyl-4-ben2yloxy-L- 
phenylalanine 4^icolyIamide (iV) (0.45 g) was ot> 
tained. To this compound (IV) (0.45 g) was added so 
4N hydrogen chloride/dioxane solution (4.5 mi) and 
the precipitated substance was collected by filtra- 
tion. After drying, N-(4-amlnomethylbenzoyl)-4- 
k^enzyloxy-L-phenylalanine 4-plcolylamide 
dihydrochloride (0.39 g) was obtained. 55 



gxamglglS 



144 



Synthesis sf N-^4-amlnomethvlben20vlV4- 
benzvloxv^L-phenvlalanlne cvclohexvlamide hydro- 
chloride (Compound fvlo. 114) * 

N-(t'43utyloxycarkx>nyl)-4-ben2yloxy-L* 
phenylalanine (I) (2.0 g) dissolved In dry 
tetrahydrofuran (30 ml) and ethyl chlorocarbonate - 
(0.65 g) was added under ice-cooling, followed by 
stirring for 30 minutes. 

To tfiis solution was added cychlohexylamlne - 
(0.43 g) and the mixture was stirred at room tem- 
perature for 10 hours. After evaporation of the sol- 
vent, the residue was extracted with ethyl acetate, 
washed with water, and dried to obtain 2.3 g of N- 
(t-butyloxycarbonyl)-4-benzyloxy-L-phenylaIanine 
cyclohexyiamide (II). 

To tiie afcKjve compound (II) (1.0 g) was added 
under ice-cooling 4N-hydrogen chloride/dioxane 
solution (4.5 ml) and the mixture was stirred at 
room temperature for 30 minutes. Hexane (30 ml) 
was added to this solution and the precipitated- 
crystalline substance was collected by filtration, 
washed with ether and tiien dried under reduced 
pressure to quantitatively obtain 44>en2yloxy-L- 
phenylalanlne cyclohexyiamide hydrochloride (111). 
On the otiier hand, triethylamine (0.6 ml) was ad- 
ded to 4-{t-butyloxycart5onyl)amlnomethylben2oic 
acid (0.62 g) dissolved in dry tetrahydrofuran (30 
ml) and ethyl chlorocarfc>onate (0.25 g) was added 
under ice-cooling, followed by stirring for 30 min- 
utes. To this solution were added the above com- 
pound (I") (0.73 g) and triethylamine (I ml), and tiie 
mixture was stirred at room temperature for 3 
hours. After evaporation of the solvent, the residue 
was extracted with ethyl acetate, washed with water 
and dried to obtain 0.2 g of N-[4-(t-butyloxycar- 
bonyl)aminomethylben2oyll-4-ben2yloxy-L- 
phenylalanine cyclohexyiamide (IV). To the above 
compound (IV) (0.2 g) was added under Ice-cooling 
4N-hydrogenchloride/dioxane solution (0.5 ml) and 
the mixture was stirred at room temperature for 30 
minutes. Hexane (20 ml) was added to this solution 
and the precipitated crystalline substance was col- 
lected by filtration, washed with ether and then 
dried under reduced pressure to obtain 0,1 g of N- 
(4-aminomethylben2oyl)-4-benzyloxy-L- 
phenylalanine cyclohexyiamide hydrochloride. 



Example ig 

Synthesis of N-rtrans-4-aminomethvicvcIoh8xvlcar- . 
bonvlM-b enzvloxv-L-phenvlaianina '4^ 
trifluoromethvianlllde hydrochloride (Compound No. 
i!Sl 
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Triethylamine (1.6 ml) was added to a solution 
of N-(t-butyloxycait)onylH-4)enzytoxy-L- 
phenylalanine (I) (2 g) dissolved in dry 
. tetrahydrofuran (30 ml) and ethyl chlorocartjonate - 
(0.65 g) was added under ice-cooling, followed by 
stining for 30 minutes. To this solution was added 
4-trifluoromettiylaniIine (0.65 g) and the mixture 
was stin'ed at room temperature for 10 hours. Post- 
treatment was carried out In the same manner as In 
Example I to obtain 1.3 g of N-(t-butyloxycarbonyl>- 
4-benzyloxy-L-phenylalanine 4- 
trrfluoromethylanilide (II). To the above compound - 
(II) (0.5 g) was added under ice-cooling 4N-hy- 
drogen chloride/dioxane solution (3 ml) and the 
rhixture was stirred at room temperature for 30 
minutes. Post-treatment conducted in the same 
manner as in Example 1 gave quantitatively 4- 
t>enzyioxy-L-phenylatanlne 4-trifluoromethyianilide - 
(Hi). On the other hand, trans-4-(t-butyloxycar- 
bonyl)amlnomethylcycIohexylcartx>xylic acid (0.25 
g) and triethylamine (0.2 mi) ' were added, and 
ethylchlorocartx)nate (0.1 g) was added under ice- 
cooling, followed by stirring for 30 minutes. To this 
solution were added the above compound (til) (0.42 
g) and triethylamine (i ml), and the mixture was 
stirred at room temperature for 3 hours. After ex- 
traction with chloroform, according to the same 
post-treatment as In Example I. 0.28 g of N-[trans- 
4-(t-butyloxycarbonyl)- 

aminomethylcycidhexylcarbonylH-benzyloxy-L- 
phenylalanine 4-trifluoromethylanillde (IV) was ob- 
tained. To the above compound (IV) (0^8 g) was 
added 4N-hydrogen chloride/dioxane solution (2 
ml) and. after stining at room temperature for 30 
minutes, following the same procedure as in Exam- 
ple I, 0.15 g of N-(trans-4-amihomethylcycIohexyl- 
carbonyl)-4-benzyloxy-L-phenylalanine 4- 
trifiuoromethyianilide hydrochloride was obtained. 



gx2mi2l£2Q 

Synthesis ^f N-(trans-4-am 1 nom eth v Icvcloh exvlcar- 
bonvlM-(5-nitro-2-Dvridvloxv>-L-Dhenvlalanine ^ 
acetvlanlllde hydrochloride (Compound No. 121) 

To a solution of N-(t-butyloxycarbonyl)-4- 
hydroxy-L-phenyialanine 4-acetylaninde (0.57 g) in 
dry dimethyisulfoxide (10 ml) was added oily so- 
dium hydride (0.07 g). followed by stirring at room 
temperature for 30 minutes. Then. 2-Ghioro-5- 
nitropyridine (0.28 g) was added and stinred at 
room temperature for 10 hours. After a conventional 
post-treatment. N-(t-butyloxycartx>nyl)-4-(5-hitro-2- 
pyridyloxy-L-phenylalanine 4-acetylanllide (I) . (0.70 
g) was obtained. The abov compound (I) (0.70 g) 



was tr ated with 4N hydrogen chloride/dioxane so- 
lution (15 ml) to obtain 4-(5-nitro-2-pyridyloxy)-L- 
phenylalanine 4-acetylaninde hydrochloride (II) 
(0.65 g). 

5 On the other hand, trans-4-(t-butyIoxycarbonyI) 

aminomethylcyclohexylcartx)xylic acid (0.37 g) and 
triethylamine (0.4 ml) were dissolved in dry 
tetrahydrofuran (20 ml) and ethyl chlorocarfc>onate - 
(0.16 0) was added under ice-cooling, followed by 

10 stirring for 20 minutes. To this solution was added 
the above compound (II) (0.65 g) and, after neu- 
tralizing with triethylamine, the mixture was stirred 
at room temperature for 12 hours. According to a 
conventional post-treatment N-[trans-4-(t-butylox- 

76 ycartx)nyl)aminomethylcyclohexylcarbonyl]-4-(5- 
nitro-2-pyridyloxy)-L-phenylalahlne 4-acetylanilide - 
(III) (0.32 g) was obtained. The above compound 
(111) (0.32 g) was treated with 4N-hydrogen 
chloride/dioxane solution (I ml) to obtain N-(trans-4- 

20 amlnomethylcyelohexyJcartX)nyl)-4-(5-nitro-2- 

pyridyloxy>-L-phenylalanine 4-acetylaniIlde . hydro-- 
chloride (0.2 g). ' 



25 Example 21 

N-(trans^aminomethvlcvclohexvlcartX)nvl>-4-(3- 
cvanobenzvloxv>-L>ohenvlaIanine 4-acetvlanilide 

N-(t-butyloxycarbpny[)-4-t)en2yloxy-L- 
phenylalanlne 4-acetylanlllde (1.2 g), palladium 
black (0.15 g) and cyclohexene (8 ml) were added 
into etiianol (40 ml) arKl the reaction was carried 

36 out under reflux of ethanbl for I hour. After cooling, 
the mixture was filtered and a filtrate was con- 
centrated under a reduced pressure to obtain N-(t- 
butyloxycarix)nyl)-4-hydroxy-L-phenylalanine 4-ac- 
etylanilide (I) (0.99 g). The above compound (1) • 

40 (0.99 g) was dissolved in dimetiiyiformamide (30 
ml), added with oily sodium hydride (0.1 g) and the 
mixture was stirred at room temperature for 30 
minutes. A solution of 3-cyanoben2yIbrom!de (0.4 
g) in dimethylfomnamide (5 ml) was added and 

46 allowed to react at room temperature for 6 hours, 
and the reaction mixture was poured into ice-water- 
(100 nil) and extracted with ethyl acetate. A conven- 
tional post-treatment was carried out to obtain N-(t- 
butyloxycartx)nyi>-4-(3-cyanoben2yloxy)-L- 

60 phenylalanine ^acetylanilide (II) (1.25 g). The above 
compound (II) (1.25 g) was allowed to react with 4N- 
hydrogen chloride/dioxane (12 ml) to obtain 4-(3- 
cyanoberizyloxy)-L-phenylaianin6 4-acetylanilide - 
(III). ' 

65 Th abov compound (III) was suspended in 

dimethylformamide (10 ml) -tetrahydrofuran (10 ml) 
solution, and triethylamine (0.4 ml) and trans-4-(t- 
butyloxycarbonyl)aminomethylcyclohexylcarboxylic 
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acid mixed acid antiydride were added under ice- 
cooling, followed by stirring for 30 minutes. Further, 
the reaction was earned out at room temperature 
for 3 hours. After a conventional post-treatment. 
[trans-4-{t-butyIoxycartx)nyl)- 
aminomethylcyciohexylcarbonytH-(3-. 
cyanobenzyioxyVL-phenylalanine 4-acetylaniIide - 
(iV) (1.31 g) was obtained. The above compound - 
(IV) (1.31 g) was allowed to react with 4N-hydrogen 
chloride/dioxane solution (10 ml) for I hour, and the 
crystalline substance precipitated by addition of 
hexane was collected by filtration. The product was 
recrystallized from an ethanol-ether solution to ob- 
tain N-(trans-4-aminomethylcyclohexylcarbonyl)-4- 
(3-cyanobenzy]oxy)-L-phenylalanine 4-acetylanilide 
hydrochloride (I.I g). 



Example ^ 

Synthesis gf N-/trans"4«amjnomethvicvclohexvlcar- 
bonvlM-nltFO-L-ohenvialanlne 4-acetvlanilide hv- 
drochloride (Compound No. 130^ 

N-(t-butyioxycarbonyI)-4-nitro-L-phenyla!anine - 
(0.95 g) and triethylamine (0.4 mi) were dissolved 
in dry tetrahydrofuran (15 ml), and ethylchforocar- 
bonate (0.33 g) was added under ice-cooling to the 
resultant solution, followed by stirring for 20 min- 
utes. 4-acetylaniline (0.6 g) was added to the solu- 
tion and the mixture was further stirred at room 
temperature for 12 hours. According to a conven- 
tional post-treatment. 0.98 g of N-(t-butyioxycar- 
bonyl)-4-nltro-L-phenylalanine 4;-acetylanilide (I) 
was obtained. 

To the above compound (I) (0.37 g)^as added 
4N-hydrpgen chioride-dioxane solution (1.5 ml) and 
the mixture was stirred at room temperature for 1 
hour. The solid precipitated by addition of ethyl 
ether (10 mi) into this solution was collected by 
filtration to give 0.33 g of 4-nitro-L-phenylalanine 4- 
acetylanllide hydrochloride (II). Trans-4-(t-butylox- 
ycarbonyl)aminomethylcyclohexyicarboxylic add - 
(0.2 g) and triethylamine (0.2 ml) were dissolved in 
dry tetrahydrofuran (15 , ml) and ethylchlorocar- 
bonate (0.09 g). was added to the solution under 
ice-cooling, followed by stining for 20 minutes. To 
this solution was added the atxjve compound (11) - 
(0.33 g) and the mixture was stin-ed at room tem- 
perature for 12 hours. According to a conventional 
post-tr<eatment, 0.29 g of N-[trans-4-(t-butyloxycar- 
bonyl)aminomethylcyclohexylcarbonyl]-4-nitro-L- 
phenylalanine 4-acetylaniiid8 (III) was obtained. The 
above compound (III) (0.29 g) was dissolved in 4N- 
hydrogen chloride/dioxane solution (1 ml), the solu- 
tion was stirred at room temperature for I hour and 
then ether (8 ml) was added. The crystalline sub- 
stance precipitated was collected by filtration and 



subjected to a conventional post-treatment, where- 
by 0.24 g of N-(trans-4-aminometiiylcyclohexylcar- 
bonyl)-4-nitro-L-phenyiaianlne 4-acetylanilide hy- 
drochloride was obtained. 



B^ampig 2a 

Synthesis gf N-(trans-4-aminomethvicvclohexvlcar« 
70 bonvl>-4-(3-chloro-6-nrtrophenoxvVL-Dhenvlalanine 
4-Dvridvlamide dihvdrochloride (Compound No. 
137^ 

To a solution of. N-(t-butyloxycarbonyl)-4- 

ts hydroxy-L-phenylalanine 4-pyridylamide (5.35 g) in 
dimethyl sulfoxide (100 ml) was added oily sodium 
hydride (0.62 g), followed by stirring at room tem- 
perature for 30 minutes. Thereafter, 2,4-dich- 
loroniirobenzene (2.88 g) was added and stiaed at 

20 room temperature for 10 hours. After a conventional 
post-treatment, N-(t-butyloxycarlxDnyl)-4-(3-chloro— 
6-nitrophenoxy)-L-phenyIalan!ne 4-pyridylamide 
dihydrochloride (6.66 g) was obtained. The above 
compound (1) (6.50 g) was allowed to react with 

25 4N-hydrogen chloride/dioxane solution (50 ml) to 
obtain 4-(3KJiioro-6-nltrophenoxy-L-phenyialanine 
4-pyridylamide dihydrochloride, which was further 
allowed to react with trans-4-(t-butyloxycart>onyl)- 
aminomethylcyclohexylcarboxylic acid mixed add- 

so anhydride obtained in Example 5 to obtain N- 
[trans-4-(t-butyioxycarbonyl)- 
aminomethylcycIohexylcarlDonyI]-4-(3-chloro-6- 
nitrophenoxy)-L-phenyialanine 4-pyridylamide (II) - 
(7.16 g). The above compound (IJ) (7.00 g) was 

35 allowed to react with 4N-hydrogen chloride/dioxane 
solution (150 ml) to obtain N-{trans-4'aminomethyl- 
cyclohexylcarbonyl)-4-(3-chloro-6-nitrophenoxy)-L- 
. phenylalanine 4-pyridylamide (6.06 g). 



40 



Example 24 



Synthesis 2f N-(trans-4-aminomethvlcvclohexvlcar- 
bonvlH-(4'picolvloxv)-L-phenvlalanine 4-pic- 
45 p^CTlylgmidQ (CpmppMnc;! NqJ??) 

N-(t-butyloxycarbonyl)-4-t)enzyloxy-L- 
phenylalanine (I) (1.86 g) was dissolved in dry 
tetrahydrofuran (30 ml) and, under ice-cooling, 

50 triethylamine (0.75 ml) was added thereto. After 
. stirring for 10 minutes, ethyl chlorocarbonate (0.56 
g) was added and stirred for 30 minutes. To this 
solution was added a solution of 4-pipecolin8 (0.55 
g) in dry tetrahydrofuran (5 ml). The ice bath was 

55 removed and the reaction was earned out at room 
temperature for 2 hours. The precipitate was fil- 
tered off and the filtrate' was concentrated under 
reduced pressure. To ttie residue was added water 
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(50 ml), followed by extracting with ethyl acetate. 
After a conventional post-treatment N-(t-butylox- 
ycarbonylM-benzyloxy-L-phenylalanine 4- 
plpecolylamide (II) (1.83 g) was obtained. 

A mixtur of the above compound (II) (1.70 g). 
palladium black (0.20 g), cydohexene (6 ml), and 
ethanol (50 ml) was reacted under reflux of ethanol. 
After cooling, the solid was filtered off and the 
filtrate was concentrated to obtain N-(t-butyloxycar- 
bonyI)h4-hydroxy-L-phenylalanlne 4-pipecolylamide 
(III) (L36 g). The compound (III) was dissolved, 
without purification, in N,N-dimethylfonmamlde (20 
mi). To this solution was added oily sodium 
hydride (60% content) (0.16 g), followed by stirring 
at room temperature for 30 minutes. To this solu- 
tion was added a solution of 4*picolyl chloride (0.50 
g) in N.hWimethylformamide (5 ml) and the reac- 
tion was carried out at room temperature for 7 
hours. Ice water was added to the reaction mixture 
and the resultant oily product was extracted with 
ethyl acetate. After a conventional post-treatment, 
N-(t-butyloxycarlx3nyl)-4-(4-plcolyloxy)"L- 
phenylalanine 4-pipecolylamide (IV) (1.20 g) was 
obtained. From the compound (IV)i N-(trans-4- 
aminomethylcyclohexylcartx)nyl)-4-(4-picolyloxy)-L- 
phenylalantne-4-pipecoIyIamide (0.85 g) following 
the procedure of Example 6. 

The phenylalanine derivatives or. the salts 
thereof according to the present invention, which 
are an effective component of the proteinase inhibi- 
tor of the present invention, have very potent inhibi- 
tion activities against proteinases such as plasmin, 
icaliikrein, trypan, and urokinase -as shown in the 
beiow-mehtioned test results. The ptasmin inhibi- 
tion activity is d'rfferent from the effect exhibited by 
the antiplasmins of the prior art. when contrasted 
with known drugs of the prior art such as tranex- 
amic acid or c-aminocaploic acid which selectively 
inhibits only plasmin among proteinases. For exam- 
ple, some effective ingredients of the proteinase 
inhibitor according to the present invention exhibit 
an inhibition activity against urokinase, which is a 
plasminogen activating enzyme as is well known. 
This means that the inhibition of this enzyme can 
provide preferable hemostatics. On the other hand, 
some of the proteinase inhibitors according to the 
present invention inhibit ^antikailikrein activity and 
antitrypsin activity. This means that these inhibition 
activities can provide, together with the antiplasmin 
activity, a strong antiinflammatory agent. For exam- 
ple, the Compound No. 3 in Table 3 is known as 
the phenylalamine derivative having the structure 
similar to that of the present Invention (see Phar- 
mazie 39. H, I, 68,1984). Furth rmore, the Com- 
pound Nos. 4, 5, 6, and 7 are known as 
phenylalamine derivativ s (see Chem. Abst. 77 . 
102225]: S&. 393l2d: and SSL 92633m). 



fn the following, antiplasmin activity, antikal- 
likreln activity, antitrypsin activity, antiurokinase ac- 
tivity and antithrombin activity of the present com- 
pounds are descrit^ed in detail by referring to typi- 

6 cai test examples. 

The measurement methods employed in the 
following test examples are as descrit>ed below. 
The test results are shown in Table 2 by referring 
to the compound Nos. in the above Table I for the 

10 compounds of the present invention, and th© test 
results are shown in Table 4 by showing the struc- 
tures of the compounds in Table 3 for the commer- 
cially available antiplasmins as Comparative Exam- 
ples. 

75 

(I) gvply^tipn gf Aptipl^in Agtivity 

(i) EDetemriination gf inhibition activity fgr fibrin ^ 

An inhibitor sample is dissolved in a 0.18 M 
tx>rate-physiologicat salt buffer solution (plH s 7.4) 
to make the total volume to 600 ul. To this buffer 

25 solution. 200 u! of a 0.2% t)ovine fibrinogen, 100 ul 
of a 0.3 casein unit/ml human plasmin solution, and 
100 ul of a 50 unlt/ml bovine thrombin solution, all 
dissolved in the above-mentioned buffer, are added 
at a temperature of 37'C In a constant temperature 

30 bath. Then, the dissolution time of the fibrin mass 
formiad above is determined. Thus, the concentra- 
tion Im of the inhibitor sample Q,e,, 50% inhibition 
concentration, ixmol). at which the dissolution time 
obtained in the absence of the inhibitor (i.e.. about 

3S 5 minutes) is extended twice, is determined. 



(ii) Determinatiori jaf Inhibitiof^ activity for S-2251 
dy??nr)pQ§itign 

An Inhibitor sample is dissolved In a 0.05 M 
Tris-hydrochloric acid buffer solution (pH =* 7.4) to 
make the total volume to 400 ul. To this solution, 
50 ul of a 3 mM S-2251 solution is added and the 

45 mixture is incubated at a temperature of 37^C for 5 
minutes in a constant temperature bath. Then, 50 
ul of a 0.2 casein unit/ml human plasmin is added 
and the mixture is Incubated at a temperature of 
37' C for 4 minutes. Thereafter, the reaction Is 

50 stopped by adding 50 uJ of 50% acetic acid. 

The absort^ance of p-nitroaniline formed in the 
reaction mixture is determined at 405 nm. Thus, 
the concentration Iso (umol) of the inhibitor sample, 
at which th absorbance is one half (i.e.. 1/2) of that 

55 obtained In the absence of the inhibitor, is deter- 
mined. 



77 



1 



0 217 286 



152 



Cn\\ Determination of inhibition activity for fibiinooen 

An inliibltor sample is dissolved in a 0.18 M 
borate-physiologicaJ salt buffer solution (pH = 7.4) 
to make the total volume to 400 ui. To this solution, 
500 ul of a 0.4% bovine fibrinogen solution and 100 
al of a I casein unit/ml human plasmin solution, all 
dissolved in the above-mentioned buffer are added 
at a temperature of 37*C in a constant temperature 
bath. After the mixture is ailowed to stand at a 
temperature of 37"C for 10 minutes, 3800 M-i of tiie 
above-mentioned buffer, containing 13.2 mM of 
tranexamic acid and 200 ul of a 50 unit/ml bovine 
thrombin solution are added to terminate the reac- 
tion. The mbcture is incubated at a temperature of 
37*C for 15 minutes to form the fibrin. The fibrin 
clot thus, formed is adhered to or wound around a 
glass rod and is then washed with water. The 
amount of the remaining fibrinogen is. determined 
according to a tyrosine coloring method, using a 
phenol reagent (see J. Biol. Chem.* 73', 627 (1927)). 
From the amount of the remaining fibrinogen thus 
detenmined, the amount of decomposed fibrinogen 
is calculated. Thus, the concentration, Iw (iimol) of 
the Inhibitor sample, at which the amount of de- 
composed fibrinogen is one half (i.e., 1/2) of that 
obtained in the absence of the inhibitor sample, is 
determined. 



(2) Evaluation Qf Antithrombin Activltv 

(i) PQtgnrriipgtiQn fif inhibition SSH^ aoainst fibrip 
fprm^gn 

An Inhibitor sample is dissolved in a 0.18 M 
borate-physiologlcal salt buffer solution (pH = 7.4) 
to make the total volume to 500 ul. To this solution, 
400 ul of a 0.2% bovine fibrinogen solution and 100 
Ul of a 4 unit/ml bovine thrombin solution are 
added at a temperature of 37'C, In a constant 
temperature bath. Thus, a coagulatiori time is de- 
termined. The inhibitor concentration Im (umol), at 
which the coagulation time obtained in the absence 
of the inhibitqr is extended twice, is determined. 

(ii) Determination of inhibition activity for S-2238 
decomposition . 

An inhibitor sample is dissolved in a 0.05 M 
Tris-hydrpchioric add buffer solution (pH s 6.3) to 
make a total volume of 400 ul. To this solution, 50 
Ui of a 0.2 mM ,8-2238 solution is added and tiie 
mixture is incubated at a temperature of 37** C for 5 
minutes in a constant temperature bath. Then, 50 
ul of a 0.2 unit/ml lx)vine thrombin solution Is 
added thereto and the absorbance, at 405 nm, of 



the p-nitroaniline formed per minute is determined 
at a temperature of 37**C by using tiie so-called 
initial velocity method. Thus, the concentration 1m - 
. (umol) of the inhibitor sample at which the absor- 
5 banco is one half (i.e., 1/2) of tiiat obtained in the 
absence of the inhibitor sample, is determined. 



(3) Evaluation of Antitrvosin Activltv Detemnination 
10 of Inhibition activltv aoainst S-2238 decomposition 

An inhibitor sample is dissolved in a 0.05 M 
Tris-imldazole buffer solution (pH = 8.1) and 125 ul 
of a I mM S-2238 solution is added to make tiie 

75 total volume to L20 ml. The mixture is incubated at 
a temperature of 37**C for 5 minutes in a constant 
temperature t)atii. To this mixture, 0.05 ml of bo- 
vine trypsin Is added and the absort)ance, at 405 
nm, of the p-nitroanlline formed p>er minute is de- 

20 tenmined at a temperature of 37** C by the soiled 
initial velocity method.Thus. the concentration !«, — 
(umol) of the inhibitor sample, at which the absor- 
bance is one half (i.e.. 1/2) of tiiat obtained in the 
absence of the inhibitor sample, is determined. 

25 , 

(4) Evaluation of Anti-Plasma Kallikrein Activity De- 
temnination of Inhibition activltv for S-23Q2 decom- 
B2S&i2n 

30 

An inhibitor sample is dissolved in a 0.05 M 
Tris-hydrochlorlc acid buffer solution (pH « 7,8) to 
make the total volume to 400 ul. To this solution, 
50 ul of a 2 mM S-2302 solution is added and the 

35 mixture is incubated at a temperature of 37*C for 5 
minutes in a constant temperature bath. Then, 50 
Ul of a 0.12 unit/ml . human plasma . kallikrein is 
added and the mixture Is incubated, at a tempera- 
ture of 37*C for 5 minutes. Thereafter, 50 ul of 

^ ' 50% acetic acid is added to terminate tiie reaction. 
The absorbance of the p-nitroaniline formed in the 
reaction . mixture is measured at 405 nm. Thus, tiie 
concentration Im (umol) of the Inhibitor sample, at 
which the absorbance is one half (i.,e.. 1/2) of that 

. 45 obtained in the absence of. the inhibitor sample, is 
determined. * . 



(5) Evaluation of Antiurokinase Activltv Determina- 
60 tion of inhiblton activity for S-2444 decomposition 

An inhibitor sample Is dissolved in a 0.05 M 
Tris-hydrochlorlc acid buffer solution (pH = 8.8) to 
make the total volume to 400 ul. To this. solution, 
55 . 50 ul of a 1 mM S-2444 solution is added and tiie 
rnixture is Incubated at a temperature of 37"C for 5 
minutes in a constant temperatur bath. Then, 50 
Ul of a 500 unit/ml human urokinase is added and 
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the mixture is Incubated at a temperature of 37'C 
for 5 minutes. Thereafter, 50 ii\ of 50% acetic acid 
Is added to terminate, the reaction. The absorbance 
of the p-nitroani!ine formed in the reaction mixture 
is measured at 405 nm. Thus, the concentration (so 5' 
(umol) of the inhibitor sampfe. at which the absor- 
bance is one half (i.e., 1/2) of that obtained in the 
absence of the inhibitor sampfe, is detenmined. . 

When the compounds of the present Invention 
are used as a medicine, there are no critical limita- io 
Hons to the administration methods. The present 
proteinase inhibitor can be formulated by any cen- 
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ventional method in pharmaceutics. For example, 
the present proteinase inhibitor may be applied in 
any conventional manner including intravenous in- 
jection, intramuscular Injection, instillation, and oral 
administration. Although there are no critical limita- 
tions to the administration dosage, the suitable 
dosage is 100 to 1000 mg/day/person, which can be 
conveniently decreased or increased as desired, as 
a matter of course. 
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Claims 

40 

I. A phenylalanine derivative having the fornnuta 

(I): 




85 



7 



0 217 286 



168 



where >R' and are. independently, hydrogen pro- 
vided that both R' and R' are not hydrogen at the 
same time; 

CrC, alley! which may be substituted with hydroxy, 
hydroxycarbonyl. C,-C« aikoxycarbonyl, C,-C4 alkyl- 
mercapto, CrC« alkoxy, carbamoyl, sulfamoyi. 
pyridyl, or phenyl which may further be substituted 
with nitro, C.-C, alkoxy. or halogen; 

C»-Ci cycloalkyi which may be substituted with 
hydroxy. CrC4 alkoxy, hydroxylcarbonyl, C-Ct ai- 
koxycarbonyl. or CrCi alkyl; 

phenyl which may be substituted with halogen, 
nitro. trifluoromethyl. C,-C4 alkoxy, C.-C4 aJkylmer- 
capto, C,-C4 aikyicartxDnyl, pheriylcarbonyl, hydrox- 
ycarbonyi. C,-C4 aikoxycarbonyl, cariDamoyl. sul- 
famoyi. amidino. pyridyteartxjnyl. or CrC. alkyl 
whicii may further be substituted with G.-C* alkyl- 
carbonyl, hydroxycarbonyl. or C,-C4 aikoxycar- 
bonyl; ' 

pyridyl which may be substituted with halogen or 
C1-C4 alkoxy; 

pyrimidyl; 

N-benzylazacyclohexyl; and 

R* and may fonn with the nitrogen atom at- 
tached thereto a ring structure as morpholino; 
thlomorphollno; or piperadyl which may be substi- 
tuted with phenylcarbonyl, benzyl, or C,-C4 alkyl; 

pyrrolidyl which may be substituted with hydrox- 
ycartx)nyi or C1-C4 aikoxycarbonyl; and 

pyperidine substituted with C,-C4 alkyl. phenyl C- 



C4 alkyl, phenylcarbonyl, or C,-C4 alkoxycartjonyl; 

X is hydrogen; nitro; amino; or -OZ wherein* Z is 
hydrogen; CrC4 alkyl; C1-C4 alkenyl; benzyl which 

5 may be substituted with halogen, C-C* alkyl, nitro, 
trifluoromethyl, hydroxycariDonyl, C1-C4 aikoxycar- 
bonyl, or cyano; phenyicarbonyimethyl, pyridyl- 
methyl; phenyl which may be substituted with nitro 
or halogen; pyridyl or pyrimidyl which may be 

10 substituted with nitro; phenylsulfonyl which may be 
substituted with C,-C4 alkyl; or benzyloxycartx)nyl 
which may be substituted with halogen; 

n is 4 to 10; and 

75 

the marie " Indicates that the configuration of the 
carbon may be either one of D-configuration, L- 
configuration and DL-configuration or a pharmaceu- 
tical acceptable salt thereof. 

20 2. A phenylalanine derivative as claimed in 

claim I, wherein the pharmaceutically acceptable- 
salt is at least one salt selected from the group 
consisting of hydrochloride, hydrobromide, 
hydrolodide, sulfate, nitrate, phosphate, oxalate, 

2S succinate, glycolate, malate, citrate, lactate, ben- 
zene sulfonate, toluene sulfonate, and metiiane sul- 
fonate. 

3. A proteinase inhibitor comprising as an es- 
sential component tiie phenylalanine derivative of 

30 claim I or the pharmaceutically acceptable salt 
thereof. 

4. A proteinase inhibitor as claimed in claim 3, 
wherein the pharmaceutically acceptable salt Is at 
least one salt selected from the group consisting of 

35 hydrochtoride, hydrobromide. hydroiodide, sulfate, 
nitrate, phosphate, oxalate, succinate, glycolate. 
malate, citrate, lactate, benzene sulfonate, toluene 
sulfonate, and methane sulfonate. 

40 
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